21 This study reports the analyses of the microbiome of the estuarine soil of mangroves of the 22 Arabian Sea. Mangroves soil samples were collected from 12 locations of Arabian Sea coast of 23 Maharashtra, India. 16S rRNA gene V3-V4 region amplicon sequencing was performed using 24 the Miseq Illumina platform to identify the microbial communities present in the mangroves 25 ecosystem. The metagenomics analysis provided an insight into the abundance, diversity and 26 spatial variations in the mangrove microbial communities in relation to physico-chemical 27 parameters and revealed that Proteobacteria, Flavobacteria and Planctomycetes are abundant in 28 mangroves system. The differences in bacterial abundance, composition and diversity can partly 29 be attributed to the physico-chemical characteristics of the samples, geographical location and 30 anthropogenic activities in the locality. High numbers of sulphate reducing bacteria accompanied 31 with methanogen bacteria were characteristic of Indian mangroves. The results obtained in the 32 current study indicate rich species diversity and add valuable insights about the diversity of 33 microbial communities of the mangroves in Maharashtra along the west coast of India and can 34 provide better information for effective measures for conservation of mangroves. GIS based 35 prediction suggest that the sulphur utilizing communities are under threat from anthropogenic 36 activities and may decline in future if immediate measures are not implemented. 37 38
Introduction 40
Mangroves system is known to play an important role maintaining the sea level and protecting 41 the coast. These mangrove systems are characterized by structurally and functionally unique salt-42 tolerant, arboreal, flowering plant forests 1 . Taxonomically diverse group of plants and associated 43 microbial communities are known to play fundamental roles in the nutrient cycle, productivity, 44 functioning, and maintenance of the mangrove ecosystem 2 . The mangrove microbial community 45 plays an integral role in nutrients cycling and thus nurturing the sustainable productivity 3 . 46 Furthermore, fluctuations in temperature, aerobic conditions and salinity make these microbial 47 communities more complex, diverse and unique 4 .Understanding the complex nature of mangrove 48 microbial communities is one of the important aspects in microbes-plant interaction dynamics 3 . 49
Similarly, microbes-plant interactions in mangroves have great implications in local and global 50 ecological impact [5] [6] [7] [8] . Furthermore these microbes are known to provide interesting biomolecules 51 for human welfare 9 . Therefore exploration and identification of microbial communities in 52 mangroves system have a potential application in human welfare as well as ecological 53 conservation. 54
The microbial community studies have been carried out by various research groups to 55 understand the role of microbial communities in the complex functioning of mangrove 56 ecosystems 10- 21 . In recent years, this ecosystem is rapidly getting destroyed and is threatened due 57 to anthropological activities and modernisation [22] [23] India are under immense pressure of conversion in to agriculture land and discharge of organic 63 and inorganic matter from rapidly developing cities 9,23 . Mumbai, Thane, Raigad and Ratnagiri 64 area in Maharashtra state are developing rapidly and anthropogenic activities in these are 65 exerting the tremendous pressure on flora, fauna and microbial diversity 23,24 . Very few studies 66 have been conducted to understand the microbial communities present in mangrove ecosystems 67 of western coastline India 20, 21, 24 . Comparative studies on distinct mangrove microbial 68 communities based on metagenomics will provide better insights into microbial community 69 structure in the mangroves of India. Therefore the metagenomics explorative studies on 70 microbial community structure in mangroves of India is essential in acquiring the baseline data 71 on the diversity and functional genomics of microbial communities at higher resolution and in 72 greater depth. The objective of the present study was to identify and to provide baseline data on 73 the microbial community structure present in different mangrove areas along the west coast in 74 Maharashtra State, India using the Illumina MiSeq sequencing platform. 75
76

Material and Methods 77
Ethics Statement 78
The collection sites of the current study are not part of any reserve forest or National park or 79 privately-owned areas and therefore no specific permits were needed for the field studies. 80 Endangered or protected species were not collected or included in the study. 81
Sample Collection 82
Information on mangroves of India and shape files for GIS mapping were retrieved from earlier 83 reports 22 
Amplification primers 98
Regions corresponding to V3 and V4 regions of 16s rRNA were amplified from the DNA 99 samples and were subjected to pyrosequencing using the Miseq Illumina platform. 100
Sequence analysis 101
Sequence analysis was carried out by employing the methods described earlier 24 Table S3 ). In general, Proteobacteria and 129
Bacteroidetes were more abundant and other taxon such as Cyanobacteria, Euryrchaeota, 130
Chloroflexi and Verrucomicrobia were present at moderate abundance. The Acidobacteria were 7 more abundant in Kelashi sample whereas Fusobacteria showed moderate abundance in the Uran 132 sample. The numbers of sequences affiliated with each taxon are depicted in Figure 2A, 
GIS based prediction of distribution of sulphur utilizing bacteria in Maharashtra 178
Using the current climate layers (68 layers) the distribution of sulphur utilizing bacteria in 179
Maharashtra was predicted (Fig. 5) . The prediction suggests that areas such as Dighi, Chiplun, 180
Uran, Jawaharlal Nehru port are suitable for growth of sulphur utilizing bacteria. Based on future 181 climatic conditions, sulphur bacteria prediction map for the year 2020 and 2030 was predicted. 182
The prediction suggests that area suitable for growth of sulphur utilizing bacteria will be decline 183 in 2020 and 2030 ( Fig. 5) . Andaman Nicobar islands, Maharashtra and current study clearly indicates the higher abundance 198 of Proteobacteria in the mangroves sediments 12, 16, 17, 18, 20, 21, 24 (Fig. 2A) . The metagenomic 199 analysis identified more than 80% species inhabited in these mangrove sediments (Fig.2B) . 200
Among the Proteobacteria detected, Gammaproteobacteria were most abundant followed by 201
Alphaproteobacteria. The nifH gene, the key players in nitrogen fixation, has been detected 202 predominantly Alphaproteobacteria, Betaproteobacteria, and Gammaproteobacteria 30-32 ( Fig.  203   2A) .Along with Proteobacteria, Bacteroidetes, Acidobacteria, Firmicutes, Actinobacteria, 204
Nitrospirae, Cyanobacteria, and Planctomycetes were also showed their moderate presence in 205 the current study and Indian mangroves 12, 16, 17, 18, 20, 21, 24 . A similar patterns were obtained from the 206 samples belonging to mangroves areas of different parts of the world 11, 14, 15, 19, 20, 21, 28, 29 results obtained in current study and earlier studies clearly suggest that sulphate reducers and 220 methanogens might be using the different metabolic pathways in non-competitive manner to 221 shape up the microbial metabolism in mangroves ecosystem [34] [35] [36] [37] [38] . Sequence reads assign to 222 11 aromatic hydrocarbons degraders and an iron and sulphur-reducing mesophilic anaerobe were 223 found significantly lower in Indian mangroves samples. 224
The alpha and beta diversity indices clearly indicate the presence of high species richness 225 and high diversity in these samples. PCoA and neighbour joining analysis clearly suggest the 226 distinctness of KLM and ADM samples from rest of the samples (Fig. 3A,3B ). Relatively less 227 organic and inorganic pollution might be responsible for distinctness of KLM and ADM 228 samples. The Canonical correlation analysis and Mantel test clearly suggest that chemical 229 properties of soil sediments and micro environment in this ecological niche influenced bacterial 230 diversity in these mangrove areas ( Fig. 4A;4B ). It has been well documented that geographical 231 location, plant species, and/or physico-chemical parameters play an important role in shaping the 232 microbial structure. The observed variation in microbial diversity and composition in studied 233 samples might be attributed to the environmental factors and anthropogenic activities in 234 respective mangrove forests. 235 GIS based prediction tools are important in examining the potential problems arising 236 from natural and artificial forces on environment as well as microhabitats. Furthermore, GIS is 237 one of the important tools which can be used in ecology to preserve and monitor the makeup of 238 biological life within a given area. However, its use in predicting microbial ecology is 239 limited 39,40 . In the current study GIS prediction was used to predict the sulphur utilizing bacteria 240 in Maharashtra region. Similarly future climate data was used to predict the trends of sulphur 241 utilizing bacteria in response to climate change. Using current climate condition layers (total 68 242 layers) the distribution of sulphur utilizing bacteria in Maharashtra was predicted. The prediction 243 suggests that climatic conditions in Raigad district especially near Dighi, Uran and Jawaharlal 244
Nehru port are suitable for growth of sulphur utilizing bacteria. These bacteria are useful in 245 recycling of various compounds such as sulphates, alkanes and many more. The prediction using 246 future data suggest the decrease in suitable area for growth of these sulphur utilizing bacteria. 247
These observations suggest that anthropogenic activities will upset the delicate ecology of these 248 microbes and may lead to massive effect on flora, fauna and human welfare. Therefore there is 249 urgent need to conserve this ecologically delicate and important niche 250
In conclusion, present study identified the presence of novel groups of bacteria (Fig.6 ). 251
The current study generated the baseline data of bacterial diversity and composition in sediments Table S1 : Information of sampling sites 380 Table S2 : Information of chemical parameters of sampling sites 381 Table S3 : Information of bacterial species 382 Table S4 : Alpha Diversity Indices 383 
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